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COMBAT VEHICLES

M109/M110 Self Propelled Howitzer (8V71T)

TACTIGAL VEHICLES

HET Heavy Equipment Transporter (8V92TA)
HEMTT Heavy Expanded Mobility Tactical

Truck (8V92TA)

PLS Palletized Loading System (8V92TA)

M578 — Light Armored Recovery Vehicle (LRC)
— (8VTIT)

Chaparral Missile Launcher (6V53T)

FAASYV - Fast Assault Ammunition Supply
Vehicle (8V71T)

M551 Sheridan Assault Vehicle (6V53T)

LEGEND: red: two-stroke diesel
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Historical Perspective on Diesel
Combustion

~ SUPERIOR TECHNOLOGY FOR A SUPERIOR ARMY

* Droplet evaporation models — Tanasawa (1953) based on
_distribution function of Probert (1946)

* Injection rate/evaporation rate control model — Austen
“and Lyn (1961); “triangular burning rate model”
* Engine system simulation inclusion — Gook (1963),
McAulay et al. (1965)

* Coupled droplet evaporation, mixing, and kinetics —
Shipinski et al. (1969)
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Historical Perspective on Diesel
Combustion

SUPERIOR TECHNOLOGY FOR A SUPERIOR ARMY

* Global mixing models — Whitehouse and Way (1970-74), Grigg and
Syed (1970), Khan et al. (1971)
* Thermodynamic multi-zone models (predecessor to GFD)
= Bastress et al. (1971), Shahed et al. (1973), Hodgetts and Shroff
(1975), Hiroyasu and Kodata (1976), Maguerdichian and Watson
(1978)
* [Focused bulk air-fuel mixing efforts:
- Dent and Mehta (1981), Kono et al. (1985), Kyriakides et al. (1986),
Schihl et al. (1996)

* [Empirical heat release models

— Watson (1977), Ghojel (1982), Miyamota et al. (1985), Graddock and
Hussain (1986), Breuer (1995), Reddy et al. (1996)
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Historical Perspective on Diesel
Combustion

SUPERIOR TECHNOLOGY FOR A SUPERIOR ARMY

* Today there is STILL NOT an universally accepted
combustion model for diesel sprays

* Previous study has shown a 1 — 10% error in fuel
consumption for LD vehicles due combustion miss
prediction

* Fidelity of model (0-D, 1-D, 2-D, 3-D) dependent on
particular design issue in question
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| ~ Modeling Effort — TARDEC LSCM
~  (Large Scale Combustion Model)

~ SUPERIOR TECHNOLOGY FOR A SUPERIOR ARMY

Mixing length scale

Fuel Mass Transfer

Mixing layer growth relationship

Premixed combustion model
Turbulence parameter definition
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Modeling Effort

¢ |aminar flame speed fundamentals
- molecular structure, temperature, air-fuel ratio, and pressure
dependence
— experimental measurement pitfalls
* jgnition issues establishing homogeneous charge
* recent efforts (Northeastern University and Southwest Research
Institute)
* Proposed simulation-based strategy
- matching combustion and cylinder pressure histories THROUGH
JUDIGIOUS GHOIGE OF LAMINAR FLAME SPEED

* Must be physically relevant

TARARODCOC
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Modeling Effort — Typical Diesel
GCombustion Behavior

SUPERIOR TECHNOLOGY FOR A SUPERIOR ARMY

Mixing Rate (1/sec)
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Cummins V903
Rated Speed

* Two phases — premixed and mixing (diffusion) controlled
* Premixed phase: trapped mean fuel-air pockets, turbulent flame speed (injection velocity + fuel type)

*  Mixing Controlled Phase: bulk mixing rate limitation, fuel injection pressure + spray lmmalmn..pl m‘.?.sz{f _
(hole size, aspect ratio, nozzle type)
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o Laminar flame speed modulated
until general heat release profile
and mean cylinder pressures are
‘close’ to experimental profile
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Results — Matching Process

Database of HRR and pressure
profiles studied - match or
mismatch

Cool flames ignored — cool flame
chemistry not incorporated into
LSCM
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SUPERIOR TECHNOLOGY FOR A SUPERIOR ARMY

—LSCM

Net Heat Release Rate (J/deg)

10 20 30
Engine Position - Crank Angles
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Results — FGR cases

3

N
()]

—
(&)
|

—
o
|

N
A Best Fit Flame Speed

— Flame Speed Correlation
<& Ignition Temperature

(M) @injesadwa] uoubj

M
—
=
L
g
@
@
Q
w 20 4
®
£
i
o
S
©
=
=
©
1

(¢)]
|

0 T T T
4000 4500 5000 5500 6000

Ignition Pressure (kPa)

TARARODCOC

U.S. ARMY TANK-AUTOMOTIVE RESEARCH DEVELOPMENT AND ENGINEERING CENTER




s Resi‘l"lli'ts

w
()]

w

o
(0]
o
o

N

()
\l
o
o

N
o

(o)
o
o

—

(@)]
o
o
o

(M) ainjesadwa] uoniubj

~A— best fit
——correlation
<& temperature

—
"
—
£
o
'
ye
@
@
Q
‘ 600
o
S
i
T
L
®
=
S
®
—

10 15 20 25 30 35 40
Data Point Number

TARARODCOC

U.S. ARMY TANK-AUTOMOTIVE RESEARCH DEVELOPMENT AND ENGINEERING CENTER




® Experimentally determined HRR profiles for small and large bore engines
utilized to determine representative laminar flame speed

U First of its kind for diesel fuel
® Study included EGR effect at light load (DIATA) : 3.6 cm/s RMS error
® Resulting Correlation ---
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